An assessment of 10 tetrameric restriction enzymes (TREs) was conducted by using a computer-simulated restriction fragment length polymorphism (RFLP) analysis for over 100 proximally and distally related bacterial small-subunit (SSU) rRNA gene sequences. Screening SSU rDNA clone libraries with TREs has become an effective strategy because of logistic simplicity, commercial availability, and economy. However, the rationale for selecting the type and number of TREs has not been systematically evaluated. Our objective was to identify the optimal combination of TREs for RFLP screening of cloned SSU rRNA genes from undefined bacterial clone libraries. After computer-simulated TRE digestion, the resultant fragments were categorized on the basis of the frequency of different restriction fragment size classes. Three groups of distribution patterns for the TREs were determined and further examined via graphical exploratory data analysis. The RFLP size-frequency distribution data for each group of enzymes were then used to infer phylogenetic relationships via the neighbor-joining method. The resulting bootstrap values and the correct placement of node bifurcations were used as additional criteria to evaluate the efficacy of the selected TREs. These RFLP data were compared with known phylogenetic relationships based on SSU rRNA sequence analysis as defined by the Ribosomal Database Project. A heuristic approach testing random combinations of TREs showed that three or more TRE combinations detected >99% of the operational taxonomic units (OTUs) within the model data set. OTUs that remained undetected after three TRE treatments had a median sequence similarity of 96.1%. Of the 10 restriction enzymes examined, HhaI, RsaI, and BstUI (group 3) were the most efficacious at detecting and differentiating bacterial SSU rRNA genes on the basis of their ability to correctly classify OTUs. Group 3 TREs are therefore recommended for screening in studies using bacterial SSU rRNA genes as descriptors of in situ microbial diversity.
A current theme in ecological research, including microbial ecology, is to understand the composition, patterns, and dynamics of the diversity present in the plethora of habitats found on Earth. The development of molecular biological techniques has made possible the more comprehensive, rapid, and precise characterization of bacterial taxa from discrete habitats (for examples, see references 6, 14, 18, and 20) . A cornerstone method in this approach has been the use of PCR to amplify small-subunit (SSU) rRNA genes either from microbial communities or directly from culturable isolates. The stepwise strategy used to define in situ microbial diversity often includes the following: (i) efficiently isolating the native DNA of the natural community, (ii) PCR amplifying SSU rRNA gene sequences with primers designed to react uniformly with group-specific taxa, (iii) screening clones for genetic variability, and (iv) using these detected variations to estimate genetic diversity and to select clones that are most important for subsequent sequencing for the assessment of phylogenetic relationships. This study explores the optimization of the screening step, since this step is critical to an efficient, economical, and informative evaluation of the extensive microbial diversity that appears to be present in most natural habitats.
Recent studies of microbial diversity have screened composite SSU rDNA clone libraries generated from bacterial communities using tetrameric (i.e., having a 4-bp recognition site) restriction enzymes (TREs) to identify putative operational taxonomic units (OTUs [2, 5, 11] ). This approach has improved efficiency, but the rationale for selecting a particular restriction enzyme or set of restriction enzymes has not been systematically evaluated. Normally, the choice of restriction enzymes has been based solely on practical matters such as logistic simplicity, commercial availability, and economy. We assessed the efficacy of 10 commonly used TREs with a diverse spectrum of bacterial taxa, using computer-simulated restriction fragment length polymorphisms (RFLPs). These taxa spanned the entire Bacteria domain (sensu Woese [13, [23] [24] [25] ) and were used to test the hypothesis that the decision for TRE selection could be based on each enzyme combination's efficacy in distinguishing among known bacterial taxa. This hypothesis is based on a given TRE's site specificity (i.e., cleavage sites), which determines the frequency and distribution of RFLPs produced from SSU rDNAs. It is this extrapolated site speci-ficity that ultimately dictated the selection of the most efficacious combination of TREs.
Restriction fragments from the computer-simulated digestion by individual or combinations of TREs were categorized into a series of size classes (on the basis of numbers of base pairs), and each bacterial taxon was determined to have either a presence or an absence of a restriction fragment, or fragments, in each of these size class categories. These RFLP data were then analyzed by computer algorithms to reconstruct the phylogeny of bacterial taxa and were compared with the welldefined phylogenetic affiliations based on each taxon's SSU rDNA sequence data. These intercomparisons of the RFLPbased and the DNA sequence-based phylogenetic reconstructions were used to assess the efficacy of each of the 10 TREs in differentiating among many (Ͼ100) bacterial taxa of known phylogeny. TRE-RFLP analysis should not be used to replace SSU rDNA sequencing but instead to more efficiently and effectively describe microbial diversity prior to reaching the sequencing step.
In a recent computer-simulated analysis, the feasibility of typing bacteria with TRE pairs was demonstrated by using the hierarchical classification scheme (based on inferred phylogeny) of the Ribosomal Database Project (RDP). In addition, it was found that the confidence of identifying an unknown taxon is strongly correlated to the minimum pairwise relatedness (8) . Another recent computer-simulated analysis of oligonucleotide hybridization potential across bacterial SSU rRNA sequences concluded that the majority of restriction site variations are the result of insertions and deletions rather than true restriction site polymorphisms (1) . Therefore, the term RFLP used herein also encompasses these types of restriction fragment length variations.
MATERIALS AND METHODS
Selection of bacterial sequences in model data set. A total of 106 bacterial SSU rDNA sequences were selected from the RDP (10), with the following additions: Moritella sp. ANT-300 (10a), the representative hydrothermal vent clone isolates listed as Pele's Vents Bacteria operational taxonomic unit (PVB OTUs) (n ϭ 6) (12), Desulfitobacterium dehalogenans (22) , Azoarcus denitrificans (26) , and Desulfurella acetivorans (15) . This analysis focused on taxa spanning the domain Bacteria, including groups contained within each of the Proteobacteria subdivisions. Of the 106 bacterial sequences examined, 13 were contained in the ␣ subdivision, 18 were contained in the ␤ subdivision, 23 were contained in the ␥ subdivision, 15 were contained in the ␦ and ε subdivisions, 16 were contained in the gram-positive phylum, and 21 were distributed across several deeply rooted phyla of the Bacteria. Phylogenetic affiliations were as defined by the RDP through the use of maximum-likelihood analysis (10) and confirmed herein by neighbor-joining analysis for phylogenetic reconstruction. Sequences were aligned on the basis of primary and secondary structural considerations and were constructed by using the GDE multiple-sequence editor distributed through the RDP (10) . SSU rDNA sequences from respective taxa were chosen on the basis of full sequence availability, multiple members being contained in a phylogenetically defined group (including proximally and distally related taxa), and the expected likelihood of the subset to represent an extreme level of community diversity.
Computer generation of RFLPs. Computer-simulated RFLPs (with the various TRE combinations) were generated with the region of the SSU rDNA contained between the PCR priming sites described by Moyer et al. (11) . These fragments corresponded to positions 49 through 1510 (Escherichia coli numbering system) for all the bacterial taxa examined. This region was chosen to give each bacterial taxon unambiguously alignable 5Ј and 3Ј SSU rDNA endpoints. Only sequence data which were contiguous between endpoints were used for computer-simulated RFLPs, thus disallowing the use of much of the current RDP database. The position of restriction sites for each TRE was identified from each bacterial taxon's SSU rDNA sequence by using the program Mapsort, contained in the Genetics Computer Group sequence analysis software package (version 7.3). The TREs used in the Mapsort program were as follows (sequence recognition sites indicated in parentheses): AluI (AG'CT), BstUI (CG'CG), DdeI (C'TNAG), HaeIII (GG'CC), HhaI (GCG'C), HinfI (G'ANTC), MboI ('GATC), MspI (C'CGG), RsaI (GT'AC), and TaqI (T'CGA). The properties of these 10 commonly used TREs have been previously well described (3 , and from 62.5 to 45 bp for the 50-bp category. This process constituted the binning of the RFLP data. Because of the limitations of gel (i.e., agarose and acrylamide) electrophoresis, 45 bp was judged to be the lower limit of detection (this limitation also necessitated the binning of the RFLP data). The frequency and distribution of restriction sites across all bacterial taxa were calculated directly from these RFLP data. For each TRE, the generated distribution of size categories was represented graphically by an exploratory box plot analysis (21) . The size range of Ն200 to Յ1,000 bp encompassed the majority of the diagnostic information. Such exploratory data analysis provided the basis for the subsequent grouping of TREs according to the restriction fragment sizefrequency distributions generated for each TRE.
Phylogenetic analyses of RFLP and DNA sequence data. All programs used in this study were taken from the PHYLIP phylogenetic analysis software package (version 3.5). Individual programs were SEQBOOT for data set bootstrapping, DNADIST for the calculation of evolutionary distances from DNA sequence data, NEIGHBOR for the neighbor-joining method of phylogenetic reconstruction, and CONSENSE for the calculation of a consensus tree. The program RESTDIST was used to compute distance matrix data from all restriction fragment size class data. PHYLIP and RESTDIST were provided by Joe Felsenstein; RESTDIST is planned to be released in a future version of the PHYLIP package. For the purpose of comparative phylogenetic analysis, DNA sequence data were limited to the comparison of highly to moderately conserved nucleotide positions that were unambiguously alignable in all sequences, corresponding to residues 101 to 183, 220 to 451, 482 to 839, 847 to 998, 1037 to 1130, and 1143 to 1440 (E. coli numbering system). Distance matrix calculations of corrected evolutionary distances were generated by the programs DNADIST and RESTDIST, using the Kimura (9) two-parameter model of sequence evolution. The algorithm of neighbor joining (16) , which uses a stepwise approach of phylogenetic reconstruction rather than a heuristic search method, was used to compute the phylogeny for 100 independent bootstrapped data sets, and a consensus tree was generated from each of these data sets for each final tree examined. Bootstrap values (4) were categorized as Ն50 (phylogenetically correct for all nodes from all trees observed) or as 50 Ͼ x Ն20 (correct in the majority of nodes observed, with only the correct nodes being represented). The phylogenetic trees, based on both sequence data and 10-TRE-treatment RFLP data, were used as benchmarks for comparisons with trees generated from discrete groups of lesser-TRE treatments. The categorized bootstrap values were used as criteria to assess the ability of each group of TREs to successfully differentiate among taxa contained in the domain Bacteria on the basis of their representative SSU rDNAs.
Heuristic test for OTU detection using random TRE combinations. Heuristic additions of TREs were used to ascertain the number of enzymes required to distinguish among the 106 taxa in the model data set. RFLP data from each of the 10 single TREs and 15 random combinations of two, three, and four TREs were determined (i.e., a total of 55 treatments). These RFLP data were transformed to distance data by using RESTDIST and examined by using UPGMA dendrograms (both programs from PHYLIP). The number of OTUs detected was compared with the actual number of OTUs (n ϭ 106). SSU rDNA sequence similarity values among bacterial taxa were estimated (using DNADIST as described above) for all undifferentiated sequence pairs, and the minimum and median sequence similarity values were calculated.
RESULTS
The computer-simulated RFLPs for the SSU rDNAs from over 100 taxa from the Bacteria domain resulted in a restriction fragment size-frequency distribution for each of the 10 TREs tested (Fig. 1) . These data were analyzed by comparing each restriction fragment band size class generated for each TRE with that size class overall band frequency across all taxa. Initial observation revealed three groups of distribution patterns for band size classes of Ն200 to Յ1,000 bp. This observation was validated through an exploratory box plot analysis (21) , which also demonstrated by inspection at least three groups of distribution patterns (data not shown). The first distribution pattern (group 1) was generated by the TREs AluI, DdeI, and MspI (Fig. 1A) . The group 1 TRE distributions showed band frequencies in the 20 to 40% range for a majority of the size classes from 250 to 550 bp. There was only a single occurrence of a size class frequency that reached more than 40% in this group, which was the 250-bp size class for DdeI. The second type of distribution pattern (group 2) resulted 2502 MOYER ET AL. APPL. ENVIRON. MICROBIOL.
from the TREs MboI, HinfI, TaqI, and HaeIII. The group 2 distributions showed a greater frequency of occurrence of the larger band size classes, ranging from 400 to 1,000 bp, but with none of these size classes present at a band frequency Ͼ20% (Fig. 1B) . In addition, a single characteristic size class from 250 to 350 bp obtained a band frequency Ͼ25% (in all cases reaching Ͼ40%) for each of the group 2 TREs. The third type of distribution pattern (group 3) was produced by the TREs HhaI, RsaI, and BstUI. This pattern showed an increased level of band frequency for the size classes ranging from 250 to 550 bp (Fig. 1C) . These band frequency levels were elevated to between 40 and 60% for at least two size classes and to Ͼ20% for five size classes within the 250-to-550-bp range for each of the group 3 TREs. The group 3 distribution patterns displayed more occurrences in the Ͼ200-bp band size classes than the remaining TREs examined (i.e., the highest levels of band frequency). The average number of restriction sites per taxon for each of the 10 TREs examined along with the corresponding standard deviations was estimated across all taxa ( Table 1) . The results showed a range of an average of 3.71 to 5.65 sites per taxon, with an overall average across all TREs of 4.47. The mean numbers of restriction sites per taxon were 4.66, 4.10, and 4.77 for groups 1, 2, and 3, respectively.
A phylogenetic tree was generated with SSU rDNA sequence data (Fig. 2 ) from all the taxa examined and compared with phylogenetic trees generated from RFLP data derived from single-and multiple-TRE treatments (data not shown). In all cases, the neighbor-joining distance method was em- VOL. 62, 1996 RESTRICTION ENZYME ASSESSMENT WITH BACTERIAL SSU rDNAsployed. As anticipated, the sequence-based consensus tree generated in this study agreed with the accepted phylogenetic relationships for all representative taxa examined (on the basis of SSU rDNA phylogeny). The sequence-based phylogenetic tree demonstrated that SSU rDNA sequence data were sufficient to yield bootstrap values of Ն50 at the majority of nodes and of 50 Ͼ x Ն 20 at all remaining nodes (Fig. 2) . This result was then compared with the RFLP-based phylogenetic tree that was constructed with the entire data set from all 10 TREs (Table 2 ). This (best-case scenario) RFLP-based phylogenetic tree demonstrated the generation of 25 bootstrap values of Ն50 and an additional 23 bootstrap values of 50 Ͼ x Ն 20. This RFLP-based phylogenetic tree was used as a metric to ascertain the success of the individual groups of restriction enzymes in predicting correct phylogenetic outcomes with RFLP data subsets from TRE groups 1, 2, and 3 ( Table 2 ). The data from any single TRE or combination of two TREs were insufficient to generate reproducible bootstrap values or accurate phylogenetic relationships (data not shown). When the RFLP data from three or more TRE combinations were examined, the results were sufficient to yield phylogenetic trees with reproducible bootstrap values at phylogenetically correct node bifurcations ( Table 2 ). The group 2 tree was ultimately constructed without using the restriction fragment data from HaeIII, as this TRE was the least phylogenetically informative of the group, having the highest average number of restriction sites per taxon (Table 1 ) and the greatest abundance of Ͻ200-bp band size classes (Fig. 2) . The premise that HaeIII was the least informative group 2 TRE was confirmed by the addition of HaeIII restriction data and the sequential deletion of each of the other group 2 TREs' restriction data from the analysis, a process which in every case yielded lower numbers of descriptive bootstrap values (data not shown). Eliminating HaeIII was also necessary so that the final analysis would compare normalized RFLP data sets, each combined from three-TRE treatments. The TREs contained in group 3 (HhaI, RsaI, and BstUI) demonstrated the largest number of descriptive bootstrap values of the three groups of TREs tested at both the Ն50 and 50 Ͼ x Ն 20 bootstrap intervals (Table 2) .
In a heuristic approach, multiple series of TRE combinations were used to determine the number of enzymes required to distinguish among OTUs. This approach tested the ability of single TREs (n ϭ 10), as well as those of 15 random combinations of two, three, and four TRE treatments, to distinguish among the taxa contained in the model data set (Fig. 3) . The median (i.e., midpoint unaffected by outliers) and minimum (i.e., maximum distance) sequence similarity values served as first-order metrics for estimating the level of relatedness among taxa undifferentiated after treatment with a given series of TRE combinations. This exercise demonstrated the ability of three-TRE and four-TRE combinations to detect Ͼ99% of OTUs in the model data set. The median sequence similarity for three-TRE and four-TRE combinations among undetected OTUs was 96.1 and 97.4%, respectively, whereas the minimum sequence similarity was 86.5 and 96.1%, respectively. These data also showed that for random combinations of TREs, the standard deviation about the mean decreased significantly until the third and fourth TREs were added (Fig. 3) . A similarity value of 96.1% between OTUs after group 3 TRE treatment was also ascertained. These observations, together with the initial RFLP size-frequency distribution patterns, were used as the basis for the further examination of the RFLP-based data through phylogenetic analysis using the three TRE groups.
The percent successful phylogenetic affiliations from the RFLP-based trees are presented in Table 3 . The entire 10-TRE data set was the most efficacious at describing phylogenetic relationships with respect to node bifurcations in addition to bootstrap values, as no TRE group yielded a greater percentage of successful affiliations (i.e., 91% across all taxa). Of the three TRE groups, group 3 was the most efficacious overall at predicting correct phylogenetic node bifurcations. TRE group 1 showed a greater percentage of successful affiliations for the ␣ subdivision of the Proteobacteria, i.e., 100%. TRE group 2 showed a greater percentage of successful affiliations for both the gram-positive phylum and the ␤ subdivision of the Proteobacteria, i.e., 81 and 94%, respectively. TRE group 3 was the most successful in describing the phylogenetic affiliations for the deeply rooted bacterial phyla and the ␦ and ε subdivisions of the Proteobacteria (67 and 87%, respectively), in addition to being the most successful overall for all the taxa examined (80 versus 67 and 73% for TRE groups 1 and 2, respectively).
DISCUSSION
The TRE-RFLP strategy provides an estimation of OTU community structure and diversity as well as presumptive OTU identification, which at the screening step can facilitate the prioritization of sequencing efforts. Restriction site variations have several appropriate characteristics which make them suitable for use in both the differentiation of SSU rDNAs and phylogenetic reconstructions. RFLP data, though providing less direct information on the evolution of DNA sequences, are easier to obtain and more economical than complete SSU rRNA gene sequences. This is still the case today for many laboratories worldwide, even with the current advances in DNA sequencing technology. Three characteristics which RFLP and sequencing methods have in common are that (i) character states can be scored unambiguously, (ii) a large number of characters can be scored for each taxon, and (iii) information on both the extent and the nature of divergence between two DNA sequences is provided (7) . A critical characteristic that differs between RFLP and DNA sequence analyses relates to the asymmetry with respect to the evolution of restriction sites versus nucleotide positions. The 4-bp recognition site for a TRE will be inactivated by any 1 of 12 different nucleotide substitutions, whereas if the sequence differs from the recognition site at only a single site, then only one substitution can occur to produce that restriction site. As a consequence, convergent losses of a restriction site are more likely than convergent gains, and the ratio of convergent losses to convergent gains increases as taxa become more divergent (19) . These characteristics must be considered when deciding which types of algorithms are best used to ascertain phylogenetic relationships with RFLP data (7) .
This study has focused on specific criteria to evaluate which TREs accurately detect and differentiate among bacterial taxa (OTUs) on the basis of their representative SSU rDNAs isolated from naturally occurring microbial communities. The specific criteria were (i) analysis of restriction fragment band size-class frequency distributions and (ii) the phylogenetic reliability of three groups of TREs based on their bootstrap values with respect to OTU classification. Other criteria may also be useful in deciding among TREs (e.g., the ability to differentiate closely related SSU rDNA clones). This latter criterion might best be satisfied with the TREs BstUI, MspI, and HaeIII, solely on the basis of their high average number of restriction sites per taxon (Table 1) , as is represented by a high frequency of restriction fragments in the Ͻ200-bp band size classes (Fig. 1) . Although, screening with high-frequency-cutting TREs increasingly results in the erroneous presumptive identification of an OTU. Using more than three TREs has the effect of increasing the selectivity to the point that the specific 
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RESTRICTION ENZYME ASSESSMENT WITH BACTERIAL SSU rDNAs 2505 type of TRE used is no longer as important a factor in the detection of OTUs. However, when screening with three or fewer TREs is performed, the specific TREs selected are of importance with regard to maximizing the differentiation of SSU rDNA sequences (Fig. 3) as well as optimizing the presumptive identification (Table 3 ). The TREs contained in group 3 (HhaI, RsaI, and BstUI) were superior for the detection and differentiation of bacterial taxa based on criteria of RFLP size-frequency distribution patterns. This result is most likely because group 3 TREs yielded the highest frequency (up to 60% across all taxa) of restriction fragment band size classes in the 250-to-550-bp range (Fig. 1C) (Fig. 1C) . Group 3 TREs had the greatest group average number of restriction sites per taxon, i.e., 4.77, which when combined with supporting RFLP sizefrequency distribution patterns and phylogenetic reliability estimates indicates a possible synergistic effect among these TREs with respect to bacterial OTU detection and presumptive identification.
The criterion of phylogenetic reliability for group 3 TREs is based on their bootstrap values and phylogenetic affiliations (Tables 2 and 3 , respectively). However, under more specific circumstances other TRE combinations might be more useful, such as the group 1 TREs used with clone libraries known to contain members of the ␣ subdivision of the Proteobacteria (Table 3) . As described previously, the phylogenetic bootstrap values were not reproducible until at least three TREs were used. A similar result allowing for increased levels of OTU detection (i.e., Ͼ99%) was demonstrated for random combinations of at least three TREs (Fig. 3 ). These were independent results, since the first was based on the bootstrapping of the data after simulated RFLP treatments and the second was based on the raw or unbootstrapped data after treatment with random combinations of TREs.
The level of SSU rDNA variation allowed by TRE-RFLP screening was investigated through the heuristic additions of TRE treatments. Three or more TREs were required to sufficiently differentiate among OTUs (Fig. 3) . Previously, this estimate was made through the simultaneous use of two TREs which were found sufficient to distinguish between closely related SSU rDNAs (e.g., PVB OTUs 1 and 11, which varied by a single RsaI site and contained seven variable nucleotide positions across the entire SSU rRNA gene [11, 12] ). The ability of single-TREs and multiple-TRE combinations to detect OTUs from a bacterial SSU rDNA clone library with known diversity was described by an exponential increase approaching a theoretical maximum of 100% (Fig. 3) . Additionally, this procedure allowed for the examination of the sequence similarity values among the undetected OTUs, which demonstrated an increased level of relatedness as more TREs were used in combination. Median sequence similarity was used as a midpoint value unaffected by outliers to describe the point of central tendency, whereas minimum sequence similarity was used as a conservative estimate of the maximum divergence among undetected OTUs. Group 3 TREs showed minimum similarity of 96.1%, which was the value found across all random four-TRE treatments (Fig. 3) . For comparison, organisms with sequence similarities of Յ97.0% belong to different species as they are not known to have DNA-DNA reassociation values of Ͻ70%, a key criterion used to define species (17) . This comparison supports our primary conclusion that the most efficacious results for screening clone libraries of SSU FIG. 3 . Number of TREs used singly or in combination (i.e., 10 single-TRE treatments plus 15 random combinations of two-, three-, and four-TRE treatments) to detect OTUs from the model SSU rDNA data set. Error bars indicate standard deviations about the mean. Sample sizes for OTUs that remained undetected were 220, 37, 7, and 5, corresponding to the one-, two-, three-, and four-TRE treatments, respectively. S med and S min indicate the median and minimum sequence similarities, respectively, among OTUs that remained undetected for each series of TRE treatments. An exponential rise to a theoretical maximum (i.e., 100% of OTUs detected) is shown by the line that best fits these data. rDNAs from unknown bacterial taxa would be through the use of the group 3 TREs HhaI, RsaI, and BstUI, since these enzymes have been shown to be superior for accurately differentiating among many (Ͼ100) diverse bacterial taxa. Enhanced resolution of restricted DNA fragments has the potential of increasing the effective separation and the accuracy of presumptive identification of closely related OTUs. Metaphore (FMC Bioproducts, Rockland, Maine) agarose, which allows resolution to ϳ50 bp, is currently used in our protocol. We are currently experimenting with increasing the resolution limit through the use of a high-pressure capillary electrophoresis system which has a lower detection limit (ϳ5 bp) and the additional advantage of high throughput. The result will directly affect the binning of the RFLP data, because more precise estimates of DNA restriction fragment sizes can be obtained. This methodological improvement will allow an increased rate of OTU detection (in addition to lowering the standard deviation and raising the minimum and median sequence similarity values) than is currently achieved with agarose gels (Fig. 3) . High-pressure capillary electrophoresis technology may allow initial screening of bacterial SSU rDNA libraries with as few as two TREs with the same level of OTU separation and presumptive identification as is achieved by three or four TREs with agarose gels. At the very least, highpressure capillary electrophoresis will increase our level of accuracy with the group 3 TREs.
In a broader sense, this simulation has demonstrated that the choice of TREs can enhance the information gained at the bacterial SSU rDNA clone screening step based on site specificity. The most effective way to determine which combination of TREs optimally identifies among in situ bacterial SSU rDNAs would be to examine every taxon with each TRE. This approach is impossible as the current databases do not include sequence information from all extant taxa. In addition, the sequence data from known bacterial SSU rRNA genes are largely incomplete as many investigators focus their efforts on partial sequences. Finally, we do not know the full extent of the microbial diversity that exists in nature, as every new habitat examined yields novel phylotypes. Therefore, a first-order approximation of diversity is necessary. This goal was achieved through an improved TRE-RFLP screening strategy. The improved screening of bacterial SSU rDNA clones will enhance and facilitate the exploration of microbial diversity from various habitats.
